Sulf loss influences N-, 2-O-, and 6-O-sulfation of multiple heparan sulfate proteoglycans and modulates fibroblast growth factor signaling.
Sulf1 and Sulf2 are two heparan sulfate 6-O-endosulfatases that regulate the activity of multiple growth factors, such as fibroblast growth factor and Wnt, and are essential for mammalian development and survival. In this study, the mammalian Sulfs were functionally characterized using overexpressing cell lines, in vitro enzyme assays, and in vivo Sulf knock-out cell models. Analysis of subcellular Sulf localization revealed significant differences in enzyme secretion and detergent solubility between the human isoforms and their previously characterized quail orthologs. Further, the activity of the Sulfs toward their native heparan sulfate substrates was determined in vitro, demonstrating restricted specificity for S-domain-associated 6S disaccharides and an inability to modify transition zone-associated UA-GlcNAc(6S). Analysis of heparan sulfate composition from different cell surface, shed, glycosylphosphatidylinositol-anchored and extracellular matrix proteoglycan fractions of Sulf knock-out cell lines established differential effects of Sulf1 and/or Sulf2 loss on nonsubstrate N-, 2-O-, and 6-O-sulfate groups. These findings indicate a dynamic influence of Sulf deficiency on the HS biosynthetic machinery. Real time PCR analysis substantiated differential expression of the Hs2st and Hs6st heparan sulfate sulfotransferase enzymes in the Sulf knock-out cell lines. Functionally, the changes in heparan sulfate sulfation resulting from Sulf loss were shown to elicit significant effects on fibroblast growth factor signaling. Taken together, this study implicates that the Sulfs are involved in a potential cellular feed-back mechanism, in which they edit the sulfation of multiple heparan sulfate proteoglycans, thereby regulating cellular signaling and modulating the expression of heparan sulfate biosynthetic enzymes.